We experimentally investigated Rabi resonance-based continuously frequency-tunable microwave (MW) magnetic field detection using a single hybrid vapor cell filled with cesium and rubidium atoms. . Atomic-based MW detection techniques are applied widely in many fields, including inertial navigation, detection of explosions, and medical imaging of the heart and brain [12] [13] [14] [15] [16] [17] . In these techniques, the strength of the MW field could be translated into a Rabi frequency via atomic constants compared to conventional MW field detection techniques. Therefore, atomic-based MW field sensors have the advantage of a high measurement accuracy and are SI-traceable [18] [19] [20] [21] . However, these sensing techniques are generally based on single atomic specie. In the other high-accuracy measurements, multispecies atoms are becoming an ideal system for improving performance and analyzing systematic effects [22] [23] [24] . In this a)
GHz. The use of these three atomic systems confined in a single vapor cell also enabled the establishment of an identical MW field with the help of DC field, allowing us to perform a perfect comparison for different applications that require the same electromagnetic environment. The results may be useful for the realization and application of many atomic detectors based on different physical principles.
Recently, various atom-based microwave (MW) field detection techniques have been developed, such as MW electrometry using a Rydberg atom [1] [2] [3] [4] , MW magnetometry based on Rabi oscillations [5] [6] [7] [8] , and MW magnetic field sensors or standards based on Rabi resonance [9] [10] [11] . Atomic-based MW detection techniques are applied widely in many fields, including inertial navigation, detection of explosions, and medical imaging of the heart and brain [12] [13] [14] [15] [16] [17] . In these techniques, the strength of the MW field could be translated into a Rabi frequency via atomic constants compared to conventional MW field detection techniques. Therefore, atomic-based MW field sensors have the advantage of a high measurement accuracy and are SI-traceable [18] [19] [20] [21] . However, these sensing techniques are generally based on single atomic specie. In the other high-accuracy measurements, multispecies atoms are becoming an ideal system for improving performance and analyzing systematic effects [22] [23] [24] . In this a) Author to whom correspondence should be addressed. [19] [20] [21] . The amplitude of the Rabi resonance signal P β 0 can be described by Eq. (1) below when the given Zeeman sublevels of alkali atoms resonate with a phase modulated MW field. Rb, therefore, the sensing frequency range of the MW magnetic field was extended further within a relatively low DC field. Essentially, our technique is applicable to a larger MW field-sensing frequency range because it uses a vapor cell containing more species of atoms and/or applies a stronger DC field.
The energy levels of 133 Cs are shown in Fig. 1 (a). The frequency difference between the hyperfine states of Rb atoms were also considered, where the hyperfine splitting frequency was 3.04 GHz, the tunable frequency range could be extended to lower than 2 GHz, with a DC field of ~ 860 Gauss. Both frequency-stabilized lasers were used to pump and probe atoms. The two laser beams were overlapped with a polarized beam splitter and then injected into a hybrid cell containing Cs and Rb atoms filled with N2 Ideally, the tunable frequency range would be further extended. The frequency limit was mainly due to technical limitations associated with the DC field or MW synthesizer. The sensing frequency of MW field detection is determined by the frequency of the DR signal. Figure 5 shows the full Rabi resonance signal lineshapes plotted at the sensing frequencies of other than 9.19 and 6.83 GHz when the DC field was applied. We used the end transitions of To validate the MW detection capability of the Rabi resonance-based system at an extended sensing frequency, we measured different frequency MW magnetic fields, with a variety of MW powers. Figure 6 Cs atoms, the measurement of Rabi frequency is quite straightforward. The Rabi resonance lineshape was fitted using Eq.
(1). The measurement results indicated that the sensing frequency range of our MW detection technique could be extended to lower than 3 GHz, with an appropriate DC field and Zeeman transition. To summarize, we have demonstrated a frequency tunable MW magnetic field detection technique based on 9 Rabi resonance. We could finely control the sensing frequency of the MW magnetic field generated by applying 
